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Objective
Use autonomous robotic system to improve
reliability of:
 Condition

assessment of concrete structures
using impact sounding

 Condition

assessment of concrete structures
using laser vibrometers

 Hydraulic

design of bridges using autonomous
water vehicles

Condition assessment of concrete
structures using impact sounding
 Detection

of Delamination in Concrete Decks using
Impact-sounding
Hammer
Microphone

Concrete deck
Delamination

Processor

General Setup of Impact‐sounding
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• Literature
 Scott et al. (2003): GPR is less effective compared to chain drag
sounding in detecting delamination.

Chain drag sounding

GPR system
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• Literature
 Popovics (2010) has proposed a conceptual full-lane scanning device
for impact sounding and has shown significant potential of impact
sounding for bridge deck inspection. Further research on mitigating
noise effect is needed.
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• Literature
 Popovics (2010) has proposed a conceptual full-lane scanning device
for impact sounding and has shown significant potential of impact
sounding for bridge deck inspection. Further research on mitigating
noise effect is needed to develop this methods for the inspection of
decks and other concrete surfaces.

Delamination

Dr. Anil Agrawal,
City College of New York
• Literature
 Sun et al. (2018) has developed an automated acoustic scanning
system for delamination detection of bridge deck. A new ball-chain
sounding system was proposed to obtain soundings with less noise.
However, the classifier for delamination detection has not been well
studied, which is important for developing autonomous inspection
system.

With a
galvanic
finish
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• A recent NCHRP study on “Inspection Guidelines for Bridge
Post-Tensioning and Stay Cable Systems Using NDE
Methods”, NCHRP 848, has shown that impact sounding
is the most effective method among NDE methods for
detecting voids in cable ducts and anchorages.
Impact sounding

(Source: NCHRP 848)
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Impact Sounding Algorithms:


A majority of current approaches are based on fundamental
frequency or PSD analysis. Computer programs have been
developed in Matlab/Python for these methods. PSD as feature
and support vector machine (SVM) as the classifier.



In addition, we have developed computer program for EMD
approach, which could remove the noise effectively and also
extracts the temporal feature of the signal.



We have validated these methods using labeled impact
sounding data from Prof. Tong at Xiamen University in China,
including 1,200 cases.

Example: Impact sounding data
Ringing of the hammer/impactor
Response of
the slab

Different
distributions of
PSD (features)

Principal component analysis (PCA)
PCA on PSD in Matlab?

case1
case2

PC1, PC2, … PCM
PC1, PC2, … PCM
case3 PC1, PC2, … PCM

caseN

PC1, PC2, … PCM

N sounding cases

[coeff,score,latent] = PCA(PSD)

PSD1
PSD2
PSD3
1 x M vector
PSDN

NxM

Impact sounding data: clustering


PSD + Principal component analysis (PCA)
Features: 1st/2nd principal component of PSD vectors

Rough

Solid
Void
(delamination)
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• Support vector machine (SVM)
An SVM model is a representation of the examples as points in space,
mapped so that the examples of the separate categories are divided
by a clear gap that is as wide as possible. New examples are then
mapped into that same space and predicted to belong to a category
based on which side of the gap they fall.
H1

H2

H3

H1 does not separate the classes.
H2 does, but only with a small margin.
H3 separates them with the maximum
margin. (Goal)

https://en.wikipedia.org/wiki/Support_vector_machine

Impact sounding data: classification results


•
•
•

Training model: Stochastic gradient descent
Confusion Matrix
Void: 308 cases
Non‐void: 592 cases

(Predicted)
Positive
Negative

Predicted:
non‐void
Negative
(Actual)
Positive

Predicted:
void

Actual: non‐
void

591
(TN)

1
(FP)

Actual: void

6
(FN)

302
(TP)

Python code:
SGDClassifier(alpha=0.0001,
average=False, class_weight=None,
epsilon=0.1,
eta0=0.0, fit_intercept=True,
l1_ratio=0.15,
learning_rate='optimal',
loss='hinge', max_iter=5, n_iter=None,
n_jobs=1, penalty='l2',
power_t=0.5, random_state=42,
shuffle=True,
tol=None, verbose=0,
warm_start=False)

Recall:
98.1%

Precision:
99.7%
TP/(TP+FP)

Accuracy = (Σ True positive + Σ True negative)/Σ Total cases
= 99.2%

TP/(TP+FN)

Impact sounding data + traffic noise


PSD + Principal component analysis (PCA)

(Example of one case)

Some interference

 Empirical Mode Decomposition (EMD) method is being studied
to mitigate the noise effects.

Empirical Mode Decomposition (EMD)
• The decomposition is based on the simple assumption
that any data consist of different simple intrinsic
n
modes of oscillations. X (t )   ci (t )  rn (t )
i 1

Intrinsic mode functions (IMF)
X (t )

X (t )  m1  c1

Empirical Mode Decomposition (EMD)
Raw signal
(impact sounding +
traffic noise)
Impact
sounding
signal

Traffic
noise

Test Bed for Impact Sounding Tests
•
•
•
•

Developing data sets both manually and through crawler.
Engineered different types of defects.
Both over-deck and under-deck inspection.
Test bed available for other NDT/NDE research.
Form plate (12 in x 12 in)

5 ft

Form plate
(6 in x 6 in)

Crushed styrofoam

Top view
8 in
Side view

•

Typical bridge deck detailing (#5 rebar @6”)

•

Defects:

Polymer sheets
(18 in x 18 in)

10 ft
•

•

Styrofoam plate (0.3‐in thick) – simulates
air‐gap delamination.

•

Polymer sheets (double‐layer) –
corrosion induced delamination.

•

Crushed styrofoam.

Defects are being placed at different depths
to test the robustness of the algorithms.

Condition assessment of concrete
structures using laser vibrometers
Laser Doppler Vibrometer
(LDV)
Object surface

• Project collaboration, started in
July 2018, with Prof. Wei from
Department of Computer
Science, CCNY.
• Exploring research concepts.

• Measure the vibration of object’s surface
in sub mm.

Condition assessment of concrete
structures using laser vibrometers
Laser Doppler
Vibrometer
(LDV)

Top of the deck

Controlled sounding/traffic

Bottom of the deck
• Anticipate void concrete surface having
different vibration mode/behaviors
compared to solid deck.

Hydraulic design of bridges using
autonomous water vehicles

The work on hydraulic design and modeling of bridges has been partially supported
through FHWA contract number DTFH61‐14‐D‐00010, Task order 0209 entitled “Post‐
Hazard Engineering Assessment of Highway Structures”

Hydraulic design of bridges using
autonomous water vehicles
Different Remote Sensing Technologies:

Example: LDV
Damaged Bridge

Unmanned Water Vehicle
(This Study)

Hydraulic design of bridges using
autonomous water vehicles
• Bathyboat platform collecting data

Tuckahoe Creek bridge site

Bacon Ridge Branch site

Hydraulic design of bridges using
autonomous water vehicles
• Bergen hexacopter platform collecting bridge image
data at the Tuckahoe Creek site

Hydraulic design of bridges using
autonomous water vehicles
• Data collection paths (shown in red) of
Bathyboat at Tuckahoe Creek

Hydraulic design of bridges using
autonomous water vehicles
• Hydraulic modeling (Tuckahoe Creek)
o Bathymetry data (black outline)
o NOAA bathymetry data (white outline)
o LiDAR elevation data (outside white outline)

A. NOAA bathymetry contours.

B. Bathymetry data combination

Hydraulic design of bridges using
autonomous water vehicles
• Wider scale of watershed data in Tuckahoe Creek

Hydraulic design of bridges using
autonomous water vehicles
• Overviews of the stream environment by UAV data
 DJI Phantom 3A aerial imagery
(outlined in black) reconstructed
into an orthophoto image with 3D
elevation data shown on top of an
ESRI Basemap displaying
WorldView satellite imagery
(Tuckahoe Creek)

Hydraulic design of bridges using
autonomous water vehicles
• The Bacon Ridge Branch site as collected from the DJI
Phantom 3A UAV

Hydraulic design of bridges using
autonomous water vehicles
• Data collection paths of Bathyboat with depths at Bacon
Ridge Branch (Note: Red color indicates deeper values)

Hydraulic design of bridges using
autonomous water vehicles
• Comparison of bathymetric sonar data from Bacon Ridge
Branch collected using Bathyboat in 2013, 2014, and 2017

A. No scour hole is visible in the
March, 2013 sonar data at the
location of the red circle.

B. A likely scour hole can be
seen in the June, 2014 sonar
data at the location of the
red circle.

C. In September, 2017, the same
red circle location does not show
evidence of a scour hole.
Source: MTRI

Hydraulics Data Analytics
• Scour responsible for maximum number of
failures of bridges.
• Current scour analysis based on 1-D
hydraulic analysis because of unavailability
of bathymetric data.
• High quality bathymetric data using
autonomous bathymetric boat.
• Work on this aspect in joint collaboration
with another FHWA project on post-hazard
assessment of bridges.

Hydraulic design of bridges using
autonomous water vehicles
• Computational mesh with bathymetry contour
• 2D Hydraulic analysis

Tuckahoe Creek Bridge
Scour Hazard Analysis

Hydraulic design of bridges using
autonomous water vehicles
Velocity magnitude contour for a large flowrate
(flowrate Q = 205.58 m3/s)

Hydraulic design of bridges using
autonomous water vehicles
Bed shear stress contour for a large flowrate
(used for the design)

Bridge
piers

Possible scour areas

Fishing smarter than hydraulic
inspection!
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Thank you very much!

